As a new strategy for the optimization of a chiral catalyst, the catalytic activity of the host-guest complexes of chiral bisphosphine bearing imidazolidinone was investigated in Rh-catalyzed asymmetric hydrogenation of enamide. Marginal enhancement in enantioselectivity was observed and the nature of interaction between host-guest was experimentally elucidated.
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Introduction
Metal catalyzed asymmetric catalysis is one of the important synthetic methods for the preparation of optically active compounds, for which more than thousands of chiral catalysts themselves have been designed during last 20 years mostly on the basis of the intuition of the chemists. 1 Recently, a new strategy to the development of chiral catalysts has been emerged. The use of a chiral ligand in combination with an achiral-or a meso ligand is employed to generate new chiral catalysts, in which one of the possible diastereomeric metal complexes is formed preferentially via coordination of the exogenous chiral source to the metal. 2 An advantage of this approach is easiness of catalyst optimization using readily available achiral or meso ligands, thus minimizing an arduous task for the synthesis of enantiopure ligands.
In this paper, we present a new way for fine-tuning chiral catalysts using hydrogen-bonded host-guest concept. In nature, the non-covalent intermolecular interactions such as π-π interaction and hydrogen-bonding played an important role to alter molecular conformation and consequently regulate dynamic functions such as molecular recognition and catalytic activity in biological system. Inspired by theses natural system, Roelfes and co-workers utilized the non-covalent interactions between DNA and organic-metal complex to generate the DNA-based chiral catalysts, in which the chiral information of the DNA could be transferred to the reaction site of the achiral metal complex through the non-covalent interactions between DNA and achiral metal complex. 3 In present work, we envisioned that the strong intermolecular hydrogen-bonding interactions between achiral host and chiral ligand could influence on the conformation of metal-complex of the guest chiral ligand. In this manner, the ligand conformation in reaction site could easily be tuned by the non-covalent intermolecular interactions † This paper is dedicated to Professor Sunggak Kim on the occasion of his honorable retirement.
between achiral host and chiral metal-complex, where the catalytic activity of a chiral ligand-metal complex could be optimized by varying achiral host.
To demonstrate the H/G-based catalyst optimization concept, we chose the chiral bisphosphine ligand bearing imidazolidin-2-one (abbreviated as H-BDPMI) 4 as a chiral guest which is one of the well-known moieties as hydrogen-bonding donor/ receptor. 5 The five different achiral hosts 1-5 were easily synthesized from commercially available amines and isophthaloyl dichloride, which were frequently used as a hydrogen-bonding donors/receptors. 6 The Rh-catalyzed asymmetric hydrogenation of an enamide was carried out as a model catalytic reaction. The Rh-complex was prepared in situ by mixing equivalent amount of H-BDPMI and [Rh(COD)2]BF4 in CH2Cl2 for 1 h at room temperature under argon atmosphere. To the mixture was added host, and the mixture was stirred for 2 h. The hydrogenation was conducted for 12 h at 1 atm of hydrogen pressure. As shown in Table 1 , the enantioselectivities obtained with all of the H/G-based chiral catalysts H-1~5/G (entries 2~6) were higher (+1.7 ~ +6.1%ee) than that obtained with H-BDPMI catalyst (83.8%ee, entry 1). The same results were obtained with the catalyst prepared different way, i.e. H/G complex was prepared first by mixing with H-BDPMI and host, then Rh(COD)2BF4 was added to form a Rh-complex. However, it was found that the catalyst, which was prepared by mixing the host and Rh(COD)2BF4 first followed by the addition of chiral bisphosphine, did not showed any catalytic activity. These results suggest that the observed catalytic activity come from the Rh-complex of the chiral bisphosphine ligand, and moreover, the host or guest ligand chelated with Rh-metal did not exchanged each other. We next varied the ratio of host/guest to see whether the catalysis is derived from the depicted 1:1 complex of achiral host and chiral guest or not. Therefore, at higher host:H-BDPMI-Rh complex ratios, the amounts of unbound H-BDPMI-Rh complex in solution will be negligible and the ee obtained should be derived from 1:1 complex of achiral host and chiral guest. However, the ee values were not significantly increased as increasing the host concentration, which suggested that the host-guest binding is saturated. In addition, when the hydrogenations were carried out in a protic solvent, MeOH, in which host-guest complexation is prohibited by competitive H-bond by solvent, the Rhcomplex of H-5/G and Rh-H-BDPMI complex exhibited the same enantioselectivity (73.6%ee) (compare entries 7 and 8), but with lowered conversion with H-5/G compare to H-BDPMI Combining all the observation into account, it is reasonable to conclude that the formation of host-guest complex increased the enantioselectivity +1.7 ~ +6.1% ee (entries 2-6, Table 1 ).
Even though the precise nature of the interaction between achiral host and chiral guest is not clear yet, the hydrogenbonding would be dominated. To evaluate the interaction of the chiral guest to host forming H/G complexes, A remarkable downfield shift (∆δ = 2.04 ppm) was observed for the N-H signal (δ = 9.004 ppm) of host 5. Moreover, the aromatic C-H (δ = 8.629 ppm) also slightly shifted to downfield (∆δ = 0.28 ppm). The NMR titration data were analyzed using a linear least squares fitting procedure similar to that described by Wilcox and Cowart, 8 and the calculated association constant was Ka = 550. Formation of present host-guest complex via hydrogen bonding was further evidenced by energy minimized conformation of 4,5-dimethylimidazolidin-2-one as a guest. The amide hydrogen atoms were hydrogen-bonded with the carbonyl oxygen of the guest (H---O: 2.014 Å and 2.018 Å) and quinoline nitrogen atoms were hydrogen-bonded with amide hydrogen of the guest (N---H: 2.465 Å and 2.480 Å). Based on these results, it could be concluded that there is multiple hydrogen bonding interaction between imidazolidinone moiety of chiral bisphosphine guest and host to form chiral H/G complexes.
In summary, we presented a host/guest-based asymmetric catalysis. Although the effects are not so dramatic, it was found that the intermolecular hydrogen-bonding interactions between achiral host and chiral guest affected positively on the enantioselectivity. However, the exact role of the host in the transmission of asymmetry remains to be elucidated. This work set up a stage for further catalyst optimization with structurally diverse achiral host available from combinatorial preparation, and for conceptual design on chiral host and achiral guest, in which the chiral information of the host could be transferred to the reactive site of the metal complex of the achiral guest ligand.
Experimental
Achiral hosts 1~5 were synthesized by reaction of isophthaloyl dichloride with the corresponding amines, 8-aminoquinoline (H-1), 2-methyl-8-aminoquinoline (H-2) which prepared by hydrogenation of 8-nitroqunaldine, 2-aminopyridine (H-3), 2-amino-6-picoline (H-4), and 2-aminoquinoline (H-5).
An example synthetic procedure for achiral host. A solution of isophthaloyl dichloride (1.0 g, 4.93 mmol) in anhydrous benzene (50 mL) was added dropwise to a suspension of 8-aminoquinoline (1.5 g, 10.04 mmol) and triethylamine (1.4 mL, 10.0 mmol) in anhydrous benzene (20 mL). The mixture was stirred at 75 o C for 12 h under nitrogen atmosphere. After benzene was removed from the mixture by evaporation, the residue was dissolved in chloroform and washed with water. The chloroform solution was dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. General procedure for the asymmetric hydrogenation of Nacetyl-1-phenylethenamide. In an argon-filled glovebox, a reaction flask was charged with [Rh(cod)2]BF4 (6.2 × 10 -3 mmol) and H-BDPMI (6.2 × 10 -3 mmol) in 2.0 mL of solvent, and the mixture was stirred for 1 h at room temperature. Then, the host (6.2 × 10 -3 mmol) was added to the reaction mixture and stirred for additional 2 h at the same temperature. N-Acetyl-1-phenylethenamide (100 mg, 0.62 mmol) was added to the reaction mixture, and then hydrogenation performed under 1 atm of H2 pressure for 12 h. The reaction mixture was passed through a short silica gel column to remove the catalyst. After evaporation of the solvent, the crude reaction mixture was subjected into the Ka calculation. Energy-minimized structure was obtained from MacroModel 7.1 program on a Silicon Graphics Indigo IMPACT workstation. 9 The structure was generated with MM2 
